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SURFHVVHV IRUGHYHORSLQJPHWDOPDWUL[FRPSRVLWHV+HQFHDQDWWHPSW WRJR IRU$DOOR\ UHLQIRUFHGZLWKPLFUR
DQGQDQR$O2 SDUWLFOHVE\6TXHH]HFDVWLQJZLWKVWLUULQJLVPDGHKHUH$VVWLUFDVWFRPSRQHQWVDUHUHSRUWHGWRKDYH
VXSHULRUPHFKDQLFDO SURSHUWLHV ILQHPLFURVWUXFWXUH DQGPLQLPDO SRURVLW\ >*KRPDVKFKL DQG 9LNKURY @ (/
0DKDOODZLHWDO LQIOXHQFHRI$O2 QDQRGLVSHUVLRQVRQPLFURVWUXFWXUH IHDWXUHVDQGPHFKDQLFDOSURSHUWLHVRIFDVW




PLFURDQGQDQR$O2 SDUWLFOHVFRPSRVLWHIDEULFDWHGXVLQJFRPSRFDVWLQJ>6DMMDGL HWDO@ WKHKDUGQHVVRIWKH
FRPSRVLWH LQFUHDVHGZLWK LQFUHDVLQJSDUWLFOHZHLJKW SHUFHQWDJH'(PDGL HWDO  RSWLPDO KHDW WUHDWPHQW RI$








RI 7 DQG VKRUW WLPH 67 SURGXFH DOPRVW VDPH PLFURVWUXFWXUH RI $ DOOR\ 5HVXOWV RQ $0J2 QDQR
FRPSRVLWHVIDEULFDWHGXVLQJVWLUFDVWLQJPHWKRG>$QVDU\<DU @VKRZHGWKDWWKHFRPSRVLWHFRQWDLQLQJYRO
0J2 SDUWLFOHV DW  & KDYH KRPRJHQRXV PLFUR VWUXFWXUH DV ZHOO DV LPSURYHG PHFKDQLFDO SURSHUWLHV VXFK DV
KDUGQHVV DQG FRPSUHVVLYH VWUHQJWK 7KH EHQGLQJ VWUHQJWK DQG HODVWLF PRGXOL RI $ UHLQIRUFHG ZLWK DOXPLQD
SDUWLFOHVIDEULFDWHGE\VTXHH]HFDVWLQJDOVRVKRZHGLPSURYHPHQWV>6KXDQJLHFKXDQG5HQMLHZXX@
(]DWSRXUDWDO >@ PLFURVWUXFWXUHDQGPHFKDQLFDOSURSHUWLHVVR$O $O2 PLFURDQGQDQRFRPSRVLWHV
IDEULFDWHGE\DQRYHOVWLUFDVWLQJURXWHWKHUHVXOWVKRZHGWKDWKHDWWUHDWHGPLFURQDQR$O2 SDUWLFOHVLQMHFWLRQRI
SDUWLFOHV DQG VWLUULQJ V\VWHP ZHUH LPSURYHG WKH ZHWWDELOLW\ DQG GLVWULEXWLRQ RI WKH QDQR SDUWLFOHV ZLWKLQ WKH
DOXPLQXPPHOW$OVR LWZDVUHYHDOHG WKDW WKHDPRXQWRIKDUGQHVVDQGSRURVLW\ LQFUHDVHGDVZHLJKWSHUFHQWDJHRI
QDQR $O2 SDUWLFOHV LQFUHDVHG5HSRUW RQ UKHRFDVWLQJ FRPELQHG ZLWK VTXHH]H FDVWLQJ WHFKQLTXHV WR PDNH $
$O2 QDQRFRPSRVLWHV>(OVD\HG\RXVHIHWDO@VKRZHGWKDWWKHLQFUHDVHLQWKHFRQWHQWRI$O2 QDQRSDUWLFOHV
RQ$DOXPLQXPDOOR\ LQFUHDVHGERWK WHQVLOHDQG\LHOG VWUHQJWKRIFRPSRVLWHZLWK ILQHU VL]HRIQDQRSDUWLFOHV
5HVXOWVRQIDEULFDWLRQDQGVWXG\LQJWKHPHFKDQLFDOSURSHUWLHVRI$DOOR\UHLQIRUFHGZLWK$O2 YRO=U2
QDQR SDUWLFOHV WKURXJK VWLU FDVWLQJ >0RKVHQKDJL]DPDQL 	 +DP\GUH] %DKDUYDQGL @ UHYHDOHG WKDW ZLWK
LQFUHDVLQJ WKH UHLQIRUFHPHQW FRQWHQW GHQVLW\ GHFUHDVHG ZKLOH \LHOG XOWLPDWH WHQVLOH VWUHQJWK DQG FRPSUHVVLYH
VWUHQJWK LQFUHDVHG $OVR KDUGQHVV LQFUHDVHG E\ LQFUHDVLQJ WKH UHLQIRUFHPHQW FRQWHQW XS WR ZW $O2 
YRO=U2  EXW LW GHFUHDVHG LQ WKH VDPSOHV FRQWDLQLQJ KLJKHU DPRXQWV RI UHLQIRUFHPHQW 6WLU DQG FRPSR FDVWLQJ
WHFKQLTXH KDYH EHHQ XVHG WR DQDO\]H PLFURVWUXFWXUH DQG PHFKDQLFDO SURSHUWLHV RI $O2$ QDQR FRPSRVLWH
>6DMMDGLHWDO@,WZDVLGHQWLILHGWKDWVLJQLILFDQWLPSURYHPHQWLQVWUHQJWKDQGKDUGQHVVZDVVKRZQZLWKZW
QDQR$O2 IRUFRPSRFDVWLQJDQGZLWKZWQDQRSDUWLFOHV7KHPRVWLPSRUWDQWFKDOOHQJHGXULQJIDEULFDWLRQRI
00&V E\ OLTXLG SKDVH SURFHVVHV DUH XQLIRUP PL[LQJ RI UHLQIRUFHPHQW LQ WKH PDWUL[ ZLWKRXW VLQNV DQG IORDWV
ZHWWDELOLW\ RI FHUDPLF SDUWLFOHV LQ WKH EDVH PHWDO ZLWK OHVV SRURVLW\ DQG KLJKHU GHQVLW\ 7KH DLP RI WKH SUHVHQW
LQYHVWLJDWLRQ LV WR VWXG\ WKHPLFURVWUXFWXUHDQGPHFKDQLFDOSURSHUWLHVRI WKHFDVW DQG7KHDWWUHDWHG$$O6L
DOOR\UHLQIRUFHGZLWK$O2 QDQRSDUWLFOHV7RRYHUFRPHWKHVHFKDOOHQJHVE\DGGLQJWKHQDQRSDUWLFOHVE\VWLUZLWK
VTXHH]HFDVWLQJSURFHGXUHZHUHDGRSWHG OLWHUDWXUHGLVFXVVHVWKHPHFKDQLFDOSURSHUWLHVLQWHUPVRIPLFURVWUXFWXUH
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KDUGQHVVWHQVLOHDQGFRPSUHVVLYHVWUHQJWK 7KHDLPRIWKHSUHVHQWLQYHVWLJDWLRQLVWRVWXG\WKHPLFURVWUXFWXUHDQG








FRPSRVLWLRQV &X 6L 0J 0Q )H 7L 1L =Q 7LQ
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7KHFKHPLFDOFRPSRVLWLRQDQDO\VLVZDVFDUULHGRXWDVSHU$670(2(6 VWDQGDUGV 7KH$DOOR\ELOOHWV




















ZDV FRQVLGHUHG &RPSUHVVLRQ WHVWV ZHUH FRQGXFWHG RQ QDQR FRPSRVLWH VSHFLPHQV RI WKH DV FDVW DQG 7 KHDW
WUHDWPHQW VDPSOHV XVLQJ ,167521 FRPSUHVVLRQ WHVWLQJ PDFKLQH DFFRUGLQJ WR WKH $670 (; VWDQGDUGV 7KH
VSHFLPHQKDGKHLJKWRIPPDQGGLDPHWHUPPDVSHFWUDWLRRI'RXEOHVKHDUWHVWVZHUHFRQGXFWHGRQWKH
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7KHIROORZLQJRSWLFDOPLFURVFRSH LPDJHVVKRZV WKHPLFURVWUXFWXUHRI$DQG$$O2 QDQRFRPSRVLWHV LQ
7KHDW WUHDWHGFRQGLWLRQ ZLWK;PDJQLILFDWLRQ7KHK\SRHXWHFWLFEDVHGPDWHULDOVZHUHVXEMHFWHG WR7KHDW




UHFU\VWDOOLVDWLRQDQGJUDLQJURZWK LVREVHUYHGE\ WKHQDQRSDUWLFOHV7KHZKLWH UHJLRQ LQ WKHPLFURVWUXFWXUH LV WKH
PDWUL[ DQG WKH JUH\ UHJLRQ LV WKH HXWHFWLF VLOLFRQ 7KH ODUJH VL]H RI WKH HXWHFWLF VLOLFRQ SKDVH ZLOO GHJUDGH WKH
VWUHQJWKRIWKHFDVWLQJ7KHVLOLFRQSKDVHLVEULWWOHVRWKHFUDFNZLOOILUVWJHQHUDWHLQVLOLFRQDQGSURSDJDWHUDSLGO\
WKURXJKWKH$O2 QDQRSDUWLFOHVWKHPDWUL[OHDGLQJWRIDLOXUH




$O2 QDQRSDUWLFOHV LQ WKH$PDWUL[ ,WZDV REVHUYHG WKDWDGGLWLRQRIQDQRFRPSRVLWHVRIDQGZW



















SDUWLFOHV WR WKH $ DOOR\ VKRZHG LQFUHDVH LQ FRPSUHVVLYH VWUHQJWK LQLWLDOO\ DQG WKHQ D GHFUHDVH 7KH JUDLQ






















$O2 VKRZHG KLJKHU YDOXH GXH WR WKH KLJKHU XQLIRUP GLVWULEXWLRQ RI WKH QDQR SDUWLFOHV FRPSDUHG WR RWKHU
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)LJ VKRZV WKHGRXEOH VKHDU VWUHQJWKRI WKH$$O2 QDQRFRPSRVLWHVZLWK WKUHHGLIIHUHQWZWRI
QDQR SDUWLFOHV LQ DV FDVW FRQGLWLRQ 7KH GRXEOH VKHDU VWUHQJWK LQFUHDVHGZLWK LQFUHDVH LQ DGGLWLRQ RI $O2 QDQR







451 K. Sekar et al. /  Procedia Materials Science  5 ( 2014 )  444 – 453 
'RXEOHVKHDUWHVWUHVXOWVIRU7KHDWWUHDWHGVDPSOHV









SDUWLFOHV UHLQIRUFHPHQW WKH IUDFWXUH VXUIDFH VKRZV WKH SUHVHQFH RI HTXLD[HG VKDOORZ GLPSOHV LQGLFDWHV WKH ORZ
GXFWLOLW\RIWKHPDWHULDOVGXHWRIUDFWXUHRIWKHUHLQIRUFLQJSDUWLFOHVSDUWLDOGHERQGLQJRISDUWLFOHPDWUL[LQWHUIDFH
DQGQXFOHDWLRQRIYRLGVJURZWKRIWKHYRLGVDQGLQLWLDWLRQRIFUDFNVLQWKHPDWUL[
)LJ 6(03KRWRJUDSKVRIGRXEOHVKHDUIUDFWXUHGVXUIDFHVRIDVFDVW D $$ODOOR\E$O $OF$O
$ODQGG$O$O
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)LJ  7KHDWWUHDWPHQW 6(0 3KRWRJUDSKVRIGRXEOHVKHDUIUDFWXUHGVXUIDFHV D $$ODOOR\E$O$OF
$O$ODQGG$O$O
$VKRZVSXUHLQWHUJUDQXODUIUDFWXUH,WKDVEHHQREVHUYHGWKDW WKHSODVWLF IORZKDVEHHQOLPLWHGZLWK
LQFUHDVH WKH FHUDPLF DGGLWLRQ RI $O2 QDQR SDUWLFOH ZKLFK UHVXOWHG LQ EULWWOH IDLOXUH RI WKH FRPSRVLWHV )RU
FRPSRVLWHZLWKZW$O2QDQRSDUWLFOHVFUHDWH WKH FOHDYDJH IDFH LVFOHDUO\ VHHQ LQ WKHDVFDVW FRQGLWLRQ LQ
)LJXUH ,WVKRZVLQWHUJUDQXODUIUDFWXUH7KHPRGHRIIUDFWXUHLVPRUHEULWWOHIUDFWXUHWKDQGXFWLOHIUDFWXUH0RUH
DGGLWLRQ RI QDQR SDUWLFOHV WKH DJJORPHUDWLRQ LV IRUPHG LQVLGH WKH PDWHULDOV WKHUHIRUH WKLV DJJORPHUDWHG QDQR
SDUWLFOHV HDVLO\ FRPHRXW LQ WKH IRUPRI FOHDYDJH IDFH IURP WKHPDWHULDOV GXULQJGRXEOH VKHDU WHVW:LWK7KHDW
WUHDWPHQWWKHGRXEOHVKHDUVWUHQJWKGHFUHDVHGGXHWRWKHZHHNLQWHUIDFHERQGLQJFKDUDFWHULVWLFV EHWZHHQWKHPDWUL[
DQG UHLQIRUFHPHQW $ERYH ZW RI $O2 QDQR SDUWLFOH DGGLWLRQ WKH GRXEOH VKHDU VWUHQJWK VWDUWHG WR VOLJKWO\




 $O2 QDQRSDUWLFOHVFRXOGEHVXFFHVVIXOO\ LQFRUSRUDWHG LQWR OLTXLGPHWDORI$O6LK\SRHXWHFWLFDOOR\VE\
VWLUULQJWKRXJKPRUHZRUNQHHGWRGRQHWRDFKLHYHKRPRJHQRXVGLVSHUVLRQ
 ,QWURGXFLQJ$O2 QDQRSDUWLFOHVWRWKH$O6LOLTXLGPHWDOFDVWDOOR\VSURGXFHDQ LQFUHDVHLQKDUGQHVVZLWK
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GXH WR OHVV UHVLVWDQFH RIIHUHG E\ WKH KDUG FHUDPLF SDUWLFOHV DJDLQVW WKH DSSOLHG ORDG GXULQJ FRPSUHVVLYH
VWUHQJWK$QGDOVR$O2 QDQRSDUWLFOHVQRWGLVVROYHLQVROLGVROXWLRQDW &WR &LQVROXWLRQL]LQJ
KHDWWUHDWPHQW
 7KH QDQRGLVSHUVHG DOOR\ FRQWDLQLQJ   DQG  ZW RI $O2 QDQRSDUWLFOHV H[KLELWHG WKH KLJKHVW
VWUHQJWKRIGRXEOHVKHDULQERWKDVFDVWDQG7KHDWWUHDWHGFRQGLWLRQV7KHQDQRGLVSHUVHGDOOR\FRQWDLQLQJ
DQGZWRI$O2QDQRSDUWLFOHVH[KLELWHGWKHKLJKHVWVWUHQJWKRIGRXEOHVKHDULQDVFDVW%H\RQW
ZW RI $O2 QDQRSDUWLFOHV H[KLELWHG WKH ORZHU VWUHQJWK RI GRXEOH VKHDU 'XH WR WKH IUDFWXUH RI WKH
UHLQIRUFLQJSDUWLFOHVSDUWLDOGHERQGLQJRISDUWLFOHWKDWOHDGVWRORZHUVWUHQJWK
5HIHUHQFHV
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